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. INTRODUCTION
In order to be profitable, a dairy herd must have good
heifers to meet repiacement needs.

According to the USDA (51),

these needs are substantial because .25% of the cows in an average herd must be repla~ed each year as they no longer return
a profit.

Meeting these herd replacement needs has long been a serious
problem of the dairyman.

Nation-wide calf loss estimates ranged

between 8 and 25% with an estimated annual loss to the industry
of $50 million (10).

South Dakota dairymen are not immune to

these mortality losses and some studies (28, 52) indicate that
their losses may be higher than the national averages.
The fluctuating climate of the upper midwest is such that an
adequate housing system designed to meet calf needs is hard to
define.

Previous preliminary studies at South Dakota State Uni-

versity showed some advantages of rearing calves in individual
portable outside pens rather than in the conventional enclosed
calf barn used by most 'dairymen in the state.

This study was

initiated to determine some of the advantages an outdoor rearing
system held over the conventional indoor rearing system, and to
determine the most economical and most efficient age to wean a
calf from whole milk, whether it be in an indoor or outdoor system.
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REVIEW ·oF LITERATURE
Research dating back to the early 1800's has been conducted
in pursuit of a meat}s for a more efficient and a more profitable
calf raising system.

Even though caif research in all areas of

the field has been quit~ P.xtensive, few forthright answers have
been made available to the questions that plague us today.

The

importance of these answers to the dairyman becomes Quite obvious
when a view is taken of the enormous economic losses taken by the
industry each year because of calf mortality.

The following dis-

cussion is a review of research concerned with calf losses, nutrition, weaning, and housing with main emphasis on the latter two.
This is by no means a complete review of all literature but it is
hoped that it is adequate to lay the ground work for the study
to follow.
Calf losses
Several workers (25, 28, 38, 45) reported studies of calf losses
over periods dating many years.

Speicher (45) noted that raising of

young stock is the poorest managed phase of the farming operation on
many Midwestern dairy farms.

An increase in herd size was accom-

panted by an increase in calf mortality.

Calf mortality, as measured

from birth to weaning, increased from an average of 12.1% in herds
with less than 30 cows to an average of 18.4% on the calves born in
herds with 100 cows or more.

He speculated that less individual

3

attention to freshening cows arid newborn calves, coupled with
inadequate freshening and calf starting facilities, were contributing to the higher calf losses _.

Johnson et al. (25)

reported calf losses in a self-contained herd over a period of
17 years (1931-1947).

Data were obtained from post-mortem exam-

ination of 78 calves which represented a mortality of 7.24% that
died prior to six months of age in the University of Connecticut
dairy herd.

White scours, respiratory diseases, bloat and weakness

at birth were the principal causes of death accounting for 43.6,
20.5, and 7.7% of all losses, respectively.

The critical death

loss period was prior to three or four months of age.
Ormiston (38) studied calf losses in a dairy herd consisting
of five breeds.

Of the 809 calves born during this study, only

6% were abortions and stillbirths.

Twenty-four percent of the

normal heifers born died before reaching one year of age and 70%
of these losses occurred within the first 60 days.

Pneumonia was

identified as one of the causative factors in approximately onethird of the deaths.

There was no significant difference in the

losses among the five breeds.
Voelker (52) at South Dakota State University reported that
of all losses during the period between 1955 and 1967, 54% were
classified as stillbirths; weakness and neonatal death, 13%;
pneumonia, 9%; abortions, 6%; scours, 4%; enteritis, 4%; accidents,
5%; bloat, 5%; and unidentified, 9%.
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Nutrition of the young ruminant
Rumen development.

As

the newborn calf is not truly a functional

ruminant, considerable interest has been generated in the factors
involved in initiating rwnination.

·Tamate et al. (49) studied

the effect of milk; milk, hay and grain; and milk plus various
substances administered in the rumen on the anatomical development of the calf stomach.

Animals from each of the three groups

were sacrificed at prespecified intervals and subjected to systematic dissection of the abdominal region in order to compare
the size and position of various organs in the abdominal cavity.
Papillary ·growth in the rmnen was stimulated by the addition of
at least 43 moles of

c3

administration of milk.

and

c4

volatile acids as well as by the

The introduction of plastic sponges into

the reticulo-rumen promoted an increase in capacity and muscular
development.

Feeding hay and starter in addition to milk resulted

in forestomach development which included papillary and muscular
growth of the reticulo-rwnen.

The group also observed extensive

papillary development in rumens of zero to three-day-old calves;
V'

however, older milk fed calves showed less development suggesting
early postnatal regression.
Sutton et al. (48) observed the functional development of the
rumen mucosa and its absorption ability in two Holstein calves fed
a conventional ration of milk, alfalfa hay, and starter; and two
fed milk only.

Absorption ability was measured in terms of acetic
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acid absorption.

Absorptioq of the acetic acid was measured from a

test solution, pH 6. 6, introduced into the emptied, ·fis tulated
rumen.

Mean maximum absorption rates in milligrams of acid per

100 ml of solution P'er hour at 1, 4, 8, and 13 weeks of age were
.30, 163, 179, and 402, respectively, ·for calves of the conventional ration; and 21, 26, 22, and 22 for calves fed milk only.
One calf was switched at 19 weeks of age from the all milk diet to
the milk, hay and grain diet.

Absorption rates for the calf at

16, 21, 23, 27 , and 36 weeks of age were 21, 48, 142, 191, and
248, respectively.

Absorption did not increase in a calf on milk

up to 34 weeks of age.
Lengemann et al. (30) studied the effect of diet upon characteristics of the rumen flora and fauna of young calves.

Calves

were placed on either liberal or limited milk feeding programs at
three to four days of age.

Calves on limited milk were further

divided into those receiving aureomycin in the concentrate mix
and those not receiving aureomycin.

Calves fed solid feeds exhib-

ited a general pattern of rumen function development that revealed
a sharp fall in the aerobic bacteria within the first three weeks
and an increase in the total numbers of bacteria.

The establish-

ment of adult-type organisms and cellulose digestion were slowest
to develop and were decreased by both aureomycin and liberal milk
feeding.

The levels of biotin, niacin, and riboflavin increased

up to seven weeks of age, indicating synthesis early in life.
These studies indicated that an early intake of solid feed
was positively correlated with forestomach development, increased
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absorption of energy producing ·volatile fatty acids, and an
increase in total numbers of organisms; all of which are assumed
to be important in the maturation ~nd development of rumen function.
Antibiotics in ration.

The use of antibiotics for calves has been

practiced for many years but most investigations studying their
benefits have been quite recent.

Lassiter et al. (29) in 1958

studied the influence of the antibiotics aureomycin and bacitracin
on growth and protein metabolism of 21 day-old calves.

Calves fed

rations containing either of the antibiotics tended to gain at a
faster rate, consumed more calf starter and total feed, and had
better feed utilization than did the control calves.
biotic appeared to reduce the incidence of scours.

Neither antiBoth, however,

lowered the coefficients of dry matter and crude fiber digestibility.
Neither aureomycin nor bacitracin had any large effect on the digestibility of other nutrients or on nitrogen retention suggesting
that the mode of action which stimulated the growth of calves was
not through an effect on digestibility or on protein metabolism.
Effect of feeding ·aureomycin to dairy calves was studied by
Thomas et al. (50).

Two herds with differing feeding and manage-

ment practices were utilized in this work.

Aureomycin was fed to

the calves for three months with an increase in body weight gain
obtained in both herds.

The greatest increase occurred after the

milk-feeding period in the herd where no milk was fed after two
months of age.

They also observed an increase in feed consumed and
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feed efficiency, and a decrease· in the incidence of diarrhea
when aureomycin was fed.

Calves gained less and had a lower

feed _e fficiency for one or two months following the removal of
aureomycin from the ration when compared to calves that received
no aureomycin.

Heifers that had been fed aureomycin as calves

weighed no more at one-half to one year of age than calves that
had not been fed aureomycin.

It appeared that the major advantage

in feeding the antibiotic was the reduction in the incidence of
diarrhea and not the temporarily increased growth rate.
Jorgensen et al. (26) observed the effect of antibiotic
added to the milk on 2rowth rate and health of Holstein calves
raised in outdoor hutches.

Calves were divided among three 2roups:

Group I - control, no antibiotics added to the milk daily;

Group

II - 50 mg of antibiotics added to the milk daily; and Group III 100 mg of antibiotics added to the milk daily9

Groups II and III

reached an average body weight of 155.8 lb a week earlier than the
nonsupplemented calves.

Although the average rate of growth of

calves in Groups II an~ III was similar, starter intake during the
milk feeding period was greater for Group III.

These results indi-

cated that antibiotic supplementation to milk stimulated nutrient
utilization by Group II, whereas rate of gain was improved through
appetite stimulation in Group III.

Antibiotics reduced the inci-

dence of scours from 40% in Group I to 30% and 20% in Group II and
Group III, respectively.

All cases of scours occurred during the

first four weeks after birth.

Calves in Groups II and III responded

8

to lower levels of medication although all cases responded to
treatment.
These studies indicate that the addition of antibiotics to
the ration of the young dairy calf can be beneficial.

There is

some disagreement regarding the effect on over-all growth rate
but there tends to be general agreement among workers that addition
of antibiotics reduced health problems.
Protein and energy requirements.

Protein and energy requirements

have been studied extensively by several workers (5, 6, 7, 15, 16,
23, 33).

Brown et al. (6) in two separate experiments studied ·the

effect of protein level in calf starters on the growth rate and
metabolism of young dairy calves.

In the first trial, calves were

fed starters containing either 12.2, 16.6, 20.2, or 24.3% crude
protein.

The most efficient gains were on the 12.2 and 16.6% pro-

tein levels.

The second trial utilized crude protein levels of

13.0, 20.0 or 23.7%.

No significant differences were folllld among

groups receiving the three levels.

A starter containing only 8.5%

crude protein supported growth at a significantly lower rate than
did any of the other starters.

The authors (6) concluded that

dairy calves between 2 to 84 days of age do not require starters
containing more than 12.0 to 16.0% crude protein but that starters
containing only 8.5% crude protein would not support normal growth.
Brown and Lassiter (5) used protein levels of 14, 16, and 18%;
and protein-to-energy ratios of 1:46, 1:48, and 1:50 to study the
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influence of protein-to-energy ratios in calf starter on the
growth of dairy calves.

Results of the study showed little

diffe~ence in the growth rate due to protein level, but the ratio
of protein-to-energy appeared to influence growth rates particularly .after the calves were off milk feeding.

As

the protein-to-

energy ratio increased, the body weight gains of the calves
decreased with the decrease evident at all protein levels.

It was

concluded that the·optimum protein-to-energy ratio would be 1:46
or slightly less.
Huber and Miller (23) observed the effect of protein in the
milk replacer and starter on calf growth.

Protein levels of 10.6,

17.3, and 22.4% were observed in the milk replacer and 12.2 and
18.4% in the calf starter.

As

the level of protein in the milk

replacer increased, there was an increase in average daily gains
to weaning.

Protein level in the starter had a slight effect on

growth to weaning; however, after weaning, calves on the high
protein starter grew at a faster rate than those on low protein.
Growth for the entire treatment period increased significantly
with increased protein in both milk replacer and starter.
Bryant et al. (7) studied the protein and energy requirements
of the young calf by feeding various milk replacers to Holstein
calves from b to 68 days of age.

Results revealed energy require-

ments for maintenance as 48.2 kcal ·digestible energy daily per kg
of body weight; the requirement for erowth was 370 kcal per 100
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gram gain in body weight.

The ·nitrogen retention was 2.56

grams per 100 gram gain in weight.
_Gardner and Maqsood (16) observed the effects of pelleting
on protefn requirements and efficiency of growth.

Calf starter

rations containing 11% and 12% crude protein were fed to 12
Holstein heifer calves per treatment from an initial weight of
59 kg to a terminal weight of 100 kg.
equal intake.
icant

Calves were pair fed for

Differences in average daily gains were nonsignif-

except for a significant interaction between protein level

and pelleting.

An intake of 0.4 kg crude protein was required

for each kg gain which suggested that 12% crude protein was near
minimal for high concentrate starters fed ad libitum.
Miron, Otterby, and Pursil (33) supplemented calf diets
with different sources of nitrogen and with volatile fatty acids.
Supplements included soybean meal (44%), soybean meal and branchedchain volatile fatty acids, urea, and urea and branched-chain
volatile fatty acids.

The starters and a high quality alfalfa

hay were fed ad libitum.

Calves fed starters containing soybean

meal supplements gained faster than those consuming starters supplemented with urea indicating the more complete use of plant protein over urea in the immature rumen.

The addition of the volatile

fatty acid mixture had no effect on weight gains.

Consumption levels

among groups were not different indicating little if any palatabil-

.,

i ty problems.
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Much dispute has centered over the use of milk replacers.
An indication of the type of work done in the area is illus-

trateC:I by a study conducted by Neathery et al. (36) •
workers observed five rations:

These

whole milk; milk replacer;

whole milk plus vitamin B12 ; milk replacer olus vitamin B ;
12
and equal mixtures of milk replacer and skimmilk.

Weight gains

from the whole milk rations were significantly greater than gains
from the milk-replacer rations.

Performance on both types of

rations was increased, but not significantly, when vitamin B12
was added.

Addition of skimmilk did not increase weight gains.

Calves receiving the whole milk showed a greater feed efficiency
and had a lower incidence of scours than did calves of the milkreplacer rations.
Weaning of dairy calves
Length of rr~lk feeding.

Various investigations have been pursued

over the years to determine the most profitable and most efficient
method of weaning calves from a fluid diet.

In one of the earlier

studies conducted by Mead, Regan, and Bartlett (31) in 1924, 28
calves were divided into three groups according to weaning age
which varied from 30 to 50 days of age.

They concluded that calves

could be successfully raised on a dry grain mixture when weaned from
a milk diet at 30 to 50 days of age; however, calves of all breeds
lost rapidly in weight normality and less rapidly in height normality until they were from 60 to 180 days of age.

After this perio,d
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of rapid loss, slow recovery was made in weight and height normality
until at 720 days of age, 50% of the heifers were normal or above
normal in height.
Steele (47) observed dairy calves to see if any differences
could . be detected in gr~wth and digestive disorders under two
different durations of whole milk feeding.

Calves under the two

treatments were managed and fed in the same manner except for the
milk feeding period.

One group received 399 lb of milk per calf

from birth to eight weeks of age; and the other group received the
same amount of milk per calf, but from birth to 12 weeks of age.
Calves in both treatments were above normal in growth after eight
weeks of age and there was no significant difference in weight;
however, at 20 weeks of age the calves which received milk for 12
weeks weighed 30 lb more per calf than those weaned at eight weeks
of age.

This group of calves also required less total digestible

nutrients per pound of gain for the 16-week feeding period.
Castle and Watson (8) in 1959 compared an early weaning system
to that of a more conventional nature.

The conventional system

consisted of eight pints milk daily from 4 to 18 days; then eight
pints milk substitute per day through 56 days; 10 pints milk substitute through 94 days; and then two pints milk substitute per day
through 98 days when they were weaned.

The early weaning system

consisted of milk gradually replaced by milk substitute days 4 through
10, never exceeding six pints per day.

After the 30th day the

allowance was reduced to one pint per day up until calves were
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weaned on the 35th day.

The.re was no difference between the two

systems when judged by the factors of live weight gain, health,
and general appearance of the calves..

The early weaning system

was the cheaper per day and per pound of live weight gain.
In a study conducted to compare vegetable vs. animal source
protein in the dry starter, Pardue et al. (41) weaned calves at
24 days of age.

All calyes were coaxed to eat prior to weaning

and all made acc~ptable growth rates.

Pardue's group felt that

calves could be weaned successfully from milk at 24 days of age.
Noller et al. (37) in a study to determine the value of hay
and rmnen inoculation in an early-weaning system for calves,
weaned calves at 21 days of age.

Cud-inoculation had little value

in the 21-day weaning system but data obtained demonstrated that
calves could be successfully weaned at 21 days of age.

The weight

gains of the early weaned calves were lower than those obtained on
conventional systems; however, weaning at 28 days did not increase
weight gains.
Gaunya (17) in 1962 compared a high milk to a low milk method
of raising calves.

The high-milk system provided milk at the rate

of 10% of body weight to a maximum of 9 lb for Guernseys and 11 lb
for Holsteins to 63 days of age.

The low-milk system allowed up to

170 lb of milk fed over 35 days.

The mean gains were 158.4 lb to

112 days, 271.3 lb to 200 days, and 7.09 inches in stature to 112
days for calves fed on the high-milk regime, and 128.5 lb, 240.2 lb
and 5.96 inches, respectively, for the low-milk calves.

2 3 3 O1 2 SOUTH DAKOTA STATE U1 -vE SITY LI
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Brown et al. (4) measured the effects of milk feeding level

on growth, feed consumption, and health of dairy calves.

Nine

groups of calves were fed 4, 6, or 8 lb of milk daily for 26
days, ·40 days, and 54 days.

Daily gain and skeletal growth were

~ot significantly affected by experimental treatment.

Starter

consumption decreased as . milk feeding was extended from 26 to 54
days, but hay consumption was not affected by level of milk or

length of milk feeding period.

In this experiment, calves fed

6 lb of milk for 26 days gained at a rate comparable to calves
fed 8 lb of milk per day for 26, 40, or 54 days.
Age at weaning.

Gorrill (18) compared the weaning of dairy calve~

by body weight and by age.

Calves were weaned from whole milk or

milk replacer at the age of seven weeks or at the body weights of
55 and 46 kg.

Calf performance did not differ by weaning at seven

weeks or at 55 kg of body weight.

Weight gains to weaning and 15

weeks were significantly lower for the calves weaned at 46 kg.

Whole

milk or milk replacer produced identical calf growth to 180 days
of age.
Wing (56) suggested that early weaning (21 days) of calves
from high milk solids was feasible.

He observed three groups of

calves offered concentrates and hay from birth.

Controls (Group A)

also received, at the daily rate of 10% of body weight, colostrum
through four days; half colostrum and half remade skirnmilk five
through 21 days, and skimmilk through 60 days.

The experimental

milk was half colostrum and half reconstituted skimmilk.

The
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experimental schedules for milk were 10% of body weight in two
feedings daily through 14 days (Group B), or seven days (Group C)
follow_ed by 5% of body weight in one . feeding through 21 days.
Mean days to consume four pounds of solid feed daily were by groups:
(A) 60.8, (B) 35.0, and (C) 50.3, all of which differed significantly.
Jacobson and Hatton (24) weaned calves from milk at 3, 10, 17,
24, or 52 days of age.

The rate of milk feeding varied from 4 to

10% of body weight ·at three days of age depending on the breed.
animals were fed dry starter from the third day.

All

Death rates of 31,

6, 3, 5 and 3% were recorded for the 3, 10, 17, 24, and 52 day
weaning ages, respectively.

Starter consumption was greater for

calves weaned earlier than 52 days of age.

A lower rate of gain the

first three weeks of age led to a lower rate of gain up through at
least 12 weeks of age.
Khoury et al. (27) investigated early weaning in cow and water
buffalo calves by conducting two separate trials.

In the first,

water buffalo calves received 90, 103, and 340 kg whole milk in 31,
45, or 61 days.

A cont~ol was obtained by feeding another group

340 kg whole milk each for a 120 day period.

The best and most

economic response occurred when buffalo calves were weaned at 45 days
on 103 kg of whole milk and a high energy ration of 44% TDN and 13.5%
digestible protein.

Khoury et al. (27) contended that early weaning

saved approximately $13 per calf in four months as the cost of one
kg live weight produced through early weaning was two-thirds that of

late weaned calves.

In another trial similar to that described above,
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cow calves were successfully weaned at 31 days of age on 67
kg of whole milk.

Results of the two trials revealed that early

weane~ calves, especially female buffalo calves, showed lower
gains at weaning and at subsequent ages up to six months as compared .to late weaned ones; however, all calves had reached nearly
similar weights at 12 months of age.
Method of weaning.

Owen and Plum (40) at Nebraska observed the

performance of calves weaned according to age, starter consumption, and body weight gain.

Forty-eight calves were fed 3.2 kg

colostrum once daily until weaning.

One-third of the calves were

weaned at 21 days of age, one-third when their starter consumption reached 454 g per day for one week and one-third when they
had gained 5.5 kg since birth.

The group weaned according to gain

averaged 27.6 days at weaning and the group weaned according to
starter intake was weaned at an average of 22.7 days.

The method

of weaning had no significant effect on weight gains, increase in
wither height or feed consumption.
Agabawi et al. (2) . weaned calves at 87 and 31 days with the
late-weaned calves receiving 270 kg whole milk and the early-weaned
calves receiving 115 kg whole milk plus a calf starter.

The control,

or late-weaned calves, made more efficient gains than the earlyweaned ones although early-weaned calves were superior to those
normally weaned in utilizing roughage after weaning.

About $25.50

was saved by utilizing the early-weaning system when compared to the
control calves of the same period.
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Once-a-day feeding.

Some in.terest has been shown in feeding calves

on a once-a-day basis only.

Owens et al. (39) weaned calves at 21

or 42 . days of age and compared once .vs. twice a day feeding of milk.
Body weight gains at 12 weeks averaged 1.36 lb per day and were not
significantly different among ration treatments.

During the first

six weeks grain consumption was 1.45 lb per day for calves weaned at
three weeks and 1.05 lb per day for calves weaned at six weeks.

In

the period between· 6 and 12 weeks, grain intake averaged 4.4 lb per
day and did not differ among treatments.

Grain intake was not

affected by feeding frequency of milk although calves fed milk twice
daily consumed more hay during the first and second six week periods.
Ackerman et al. (1) also investigated the effect of once-a-day
feeding on the growth of calves.

This group also observed no dif-

ference in over-all average gain or health of calves when fed milk
once a day compared to calves fed milk twice a day.
Abrupt weaning.

The effects of abrupt weaning have been observed in

various studies.

Quayle (42) weaned calves at 21 days of age by a

conventional gradual method .and by a constant feeding level abrupt
weaning method.

He concluded that abrupt weaning and gradual weaning

at three weeks of age exerted no deleterious influence on the growth
of Friesian bull calves, and that there was no significant difference
between the performance of calves weaned abruptly and those weaned
gradually.
Miller and Clifton (32) conducted a somewhat similar study except
that animals were fed the same amount of milk replacer over varying
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length of feeding periods.

Holsteins received nine pounds of milk

replacer for 33 days and Jerseys received seven pounds for 37 days
with b_o th groups being weaned abruptly.

Those on the conventional

gradual system received the same totals over a 45 day period.

There

were no significant differences in weight gains, starter consumption, incidence of diarrhea, or days of diarrhea among the treatments.
Level of milk feeding.

The amount or level of milk fed to a dairy

calf may have an influence on the performance of that animal.

Clark

and Whiting (9) observed 70 Holstein heifer calves to determine
whether there was any difference in growth rate of calves fed whole
milk at a daily rate of 10% of body weight or at a constant daily
amount of eight pounds until four weeks old.

Also investigated was

whether calves fed limited quantities of milk could be we·aned abruptly
from milk, whether calves would make normal growth when fed six pounds
whole milk daily until four weeks old and no milk thereafter, and
whether cud inoculation would increase body weight.

Calves fed whole

milk at a constant rate grew as rapidly as those fed milk at a rate
of 10% of body weight. ·calves weaned abruptly gained as well as those
weaned gradually.

Inoculation of calves with cuds at frequent inter-

vals did not increase body gains.

Calves that received six pounds

of whole milk daily until four weeks old and none thereafter gained
as well aq those that received eight pounds of whole milk until four
weeks old or those that received six pounds of whole milk daily until
eight weeks old.
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Horrison et al. (22) compared calves fed 350 lb whole milk
and those fed 250 lb whole milk.

Calves consuming 350 lb gained

1.20 lb per day which was significan~ly greater than the 1.12 lb
per day gained by the group fed 250 lb whole milk.
sumption was greater for the 250 lb group.

Starter con-

This group of workers

proposed a one pound gain per day practical minimum for Holstein
heifers to seven weeks of age.

The 250 lb milk level system was

the least expensive due primarily to the lower cost of milk
required.
The early-weaning system was shown to be somewhat more
economical than more conventional systems (2, R, 22, 27, 58).
This was due mainly to reduced cost of milk and not due to labor
or solid feed intake.
Housing and environment
The environmental conditions that may impose stress on growing
animals are ambient temperature, humidity, air movement and radiation.

Both high and low ambient temperatures have been shown to

impose 2rowth-inhibiting effects on farm animals.

Farm animals are

s~unted in hot humid areas and are unable to survive in arctic regions.
The environmental factors affecting the performance of mature
dairy animals have been studied to a great depth by numerous investigators (8, 11).

These same factors, however, have not been eluci-

dated to any great degree in the immature animal.

A large percentage

of the reported research, on environmental factors affecting dairy
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calves, has been done in much warmer climates and in many cases
cannot be applied directly to the conditions found in South Dakota.
Dairy calves.

Research conducted by Erb et al. (13), at Washington,

can probably be applied in the most direct sense to our Midwestern
area.

Erb worked with a ·mixed group of Jersey and Holstein calves

which he divided between an open shed and a conventional type barn,
both located in th~ Pullman, Washington, area.

Fifty-seven calves

were housed in the open shed and 34 were housed in a conventional
barn.

Calves were from three to seven days in age when placed on

experiment.

The incidence of scouring was the same between the ·two

groups, but · the cases among the calves housed in the open shed were
decidedly less severe with only 17% of the cases requiring treatment as compared to 86% for those housed conventionally.

The death

rate from all causes was 24% among conventionally housed calves and
2% among open shed calves.

Conventionally housed calves gained more

rapidly during the first two weeks on experiment, but at 8 and 16
weeks of age, there were no significant differences in body weight
gains, height at withers or circumference at heart girth.

Lower

average minimum temperatures were associated with slightly depressed
gains in body weight and heart girth measurement.

Calves housed in

the open shed consistently consumed significantly more TDN per 100
lb body weight.

Holstein calves in the open shed consumed 22.7% more

hay and 11% more grain; Jerseys consumed 3.2% more hay and 12.4% more
grain during the 16 week experimental period than the respective
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controls.

The average efficiency of gain was slightly higher for

calves housed conventionally.
Kurtz (28) in an evaluation of records kept prior to 1960
at South Dakota State University compared calves raised in a conventional barn and calves raised in outdoor calf hutches.

Of 38

animals reared in the conventional barn, seven deaths occurred for
a loss of 18.4%.

Thirty-six animals were reared in the calf hutches

during the same period with only one death occurring for a loss of
only 2.8%.

Average body weights at three months of age were 194 and

224 lb for the conventionally housed calves and the hutch housed
calves, respectively.
Willet (54) conducted an evaluation of three calf starting and
rearing facilities at the Purdue Dairy Center using 60 heifer calves.
Rearing units included:

a concrete and tile conventional calf barn

of the cold type, outdoor portable pens, and pens built within a free
stall barn.

Calves were reared in groups within each housing system

from 40 days to three months of age.
period were:

Facilities utilized for this

existing g~oup pens in the calf barn and outdoor open

shed, and a group pen constructed in the free stall barn.

Calves

from all three systems were grouped and reared in open sheds from
thre~ to six months of age when the data collection was terminated.
Feeding and management were the same for all animals in all rearing
systems.

Differences in average weight, heart girth, wither height

gain, hay consumption, and health disorders from birth to 40 days
of age, were nonsignificant (P > .05) between housing sys terns, trials,
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and breeds.

Calf starter consumption was significantly greater

during the second as compared to the first trial.

Heart girth

gain differences were nonsignificant (P> .OS) for housing systems,
trials, and breeds for the periods of birth to three and from birth
to six months of age.

Calves reared in the calf barn and in the

outdoor pens gained significantly (P< .05) more weight by three
months of age and more wither height by six months of age than
calves reared in the free stall barn.

Multiple regression analyses

indicated that the type of housing in which the calves were reared
from birth to 40 days nf age, the breed of the calves, and average
minimum and maximum environmental temperature were not important
factors influencing growth or rectal temperature of calves.

Willet

concluded that a cold type conventional calf barn, outdoor portable
pens, and pens built within a free stall barn could be successfully
utilized for starting and growing calves during the late summer, fall
and early winter under Midwestern conditions.

None of the three

housing systems were superior to the others and no alterations in
the growth pattern due t9 housing systems were noted in the animals
between three and six months of age.
Davis et al. (12), at Alabama Polytechnic Institute, compared
outdoor individual portable pens with conventional housing using
primarily Jersey calves with a few Holstein X Jersey and Jersey X
Guernsey crosses.

This experiment was conducted two different years

using 16 calves per year, all born during the months of September and
October.

Calves were placed on the trial at less than three days of
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age and remained on the experiment 149 days the first year and
180 days the second year.

The conventional housing consisted of

individual indoor stalls with concrete floors and solid partitions
inside a barn.

Stalls were cleaned twice each week and bedded

with shavings.

When weather permitted, calves were turned into

a 15 ft X 40 ft lot sparsely covered with vegetation.
vidual pens were 5 ft X 10 ft enclosures.

Outdoor indi-

One-half of each pen was

covered at all times and protected on three sides during the winter.
A small amount of straw was used in severest weather.
week the portable pens were moved to a clean area.
this experiment received the same diet.

Once each

All calves on

Davis and his fellow workers

interpreted the results of their study to indicate that under similar
ecological conditions healthier calves could be raised and a lower
mortality rate could be expected when the portable pen system was
used in place of the more conventional plan of housing calves in a
barn.

They noted an additional weight gain of 24.5 lb in the porta-

ble pen calves at 120 days but thought that this additional gain
could have been due to a difference in quantity of grass available
to the portable pen calves when they were moved weekly to a new area.
However, both groups received an adequate supply of high quality hay,
and it was observed that when a portable pen was moved to a fresh
site, there was practically no edible grass available after the first
day.

The exercise lot furnished a negligible amount of vegetation

for the barn calves.

Results of a third year trial indicated that

the limited amount of winter grass was an unimportant factor in the
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superior gains made by calves in the portable pens.

Despite a

noted similarity of counts of oocysts of all species of coccidia
in both groups of calves during the second year, there was a greater
incidence of infections by the most destructive species,!· zurnii
and E. ·bovis in the barn calves.

It was thought that this could

be one of the reasons for smaller gains in that group compared with
the portable pen calves.

The presence of chronic respiratory

troubles in every calf in the barn and the almost complete absence of
these troubles in the ones in the portable pens was probably the
greatest factor involved in the weight gains.

Despite temperatures

as low as 9 F, the calves in the portable pens made significantly.
greater weight gains both years and had fewer coccidia and worm
parasites and less diarrhea than the barn housed calves.

When the

animals were placed together on pasture at the age of five or six
months, the portable pen calves showed no more susceptibility to
coccidia and worm parasites than the calves from the barn and continued to maintain their superior weights.
North Carolina State University workers, Murley et al. (35),
studied the effect of management and housing on the growth and
health of dairy calves.

In their studies, 84 female calves were

randomly assigned within breeds (breeds not enumerated) to a conventional closed barn or an open shed in individual pens at three
days of age.

At eight weeks of age the calves in each type of barn

were randomly sub-grouped; one-half remained in the individual pens
to four months of age and one-half were turned to a dry lot for
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exercise during the days and returned to the pens at night.

Whole

milk was fed during the first eight weeks, and ad libitum feeding
of hay _and a maximum of four pom1ds of a commercial calf starter
were initiated at one week of age.

At 10 weeks, a simple grain

mixture. replaced the calf starter in the ration.

Temperature and

relative humidity were recorded continuously throughout the trial.
Group mean body weight changes were 0.88 and 0.85 lb daily during
the first eight weeks for the calves in the closed barn and open
shed, respectively; and 1.10 and 1.20 lb during the succeeding
eight weeks, with no statistically significant differences between
housing groups.

The exercise had no apparent effect on the growth

rate or appearance of the calves.

The general health of the calves

was not greatly different; however, two cases of pneumonia resulted

in death in the closed barn.

Fecal examination for parasites was

negative throughout the trial.
Murley et al. (34) studied the relative value of open shed
housing and portable outside pens as compared to conventional housing
for young calves in North Carolina.

The investigation was conducted

in two separate trials over a four year period.

In Trial I, 74

female calves of the Ayrshire, Guernsey, Holstein, and Jersey breeds
were randomly assigned within breeds at three days of age to a
closed conventional barn, or to an open shed type of housing.

The

conventional barn was an 18 ft X 12 ft building with box stalls and
solid partitions between calves.

The open shed was a building about

20 ft deep, with an eastern exposure.

Temporary pens, 4 ft X 6 ft in
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size, constructed of 1 X 6 inch boards, placed four inches apart,

were placed in clusters of four under the open shed.

The calves

were housed in individual pens in the~e two types of housing to
eight weeks of age.

At that time the calves within each type of

housing .were further subdivided, whereby one group of 15 calves
remained in their respective individual pens to four months of age.
The other 22 cal ves of each housing group were placed during the
day on dry lot , which was made free of vegetation by chemical
treatment with C.M.U. soil sterilizer (3-P-chlorophenyl-1, 1dirnethylurea), and returned to their individual pens at night.

A

standard feeding regime prevailed, consisting of whole milk initially
fed at the rate of 10% of body weight, gradually reduced to 6% of
body weight and terminated at eight weeks.

A connnercial calf starter,

limited to a maximum of four pounds daily, was fed to 12 weeks of age
after which a simple grain mixture was used.
libitum from two weeks of age.

Alfalfa hay was fed ad

Throughout the trial continuous

recordings were made of the environmental temperature and relative
humidity in both types of barns.
Trial II consisted of 12 female calves made up of three each
of the same four breeds used in the first trial.

The same conventional

barn was used as in the previous trial design ~nd portable pens were
constructed according to specifications reported by Alabama workers
(given in previous trial).

The calves remained in these two types of

housing from three days of age throughout the 16 week trial.

A

feeding regime similar to that in Trial I was used, except that
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one-half of the calves in each type of housing received approximately 60 mg of terramycin daily via the milk.
M~an body weights reported by M~rley -et al. (34) indicated
no differences among calves in Trial I regardless of housing
system .or for drylot exercise in comparison with no exercise.
The average weight gain for the calves housed in the portable pens
in Trial II was slightly higher than that of the conventionally
housed animals.

Calves in Trial II fed terramycin during the first

eight weeks gained 19% faster than those not receiving antibiotics
(P~ .05); however, the accelerated growth rate did not continue
after the antibiotic feeding ceased since body weight gains were
similar at the end of the 16 week trial.

Starter consumption was

similar for all groups, but the calves housed in the portable pens
consumed 19% more hay than calves in the conventional barn.

The

calculated TDN intake per pound of gain was similar for all groups.
The incidences of diarrhea were insignificant throughout the two
trials.

Four cases of pneumonia, two of which resulted in death,

developed among the 37 calves housed in the closed barn, especially
during the winter months.

Average temperatures for the closed barn,

open shed and portable pens were 67.7, 63.3, and 60.2 F, respectively,
with ranges of 24 to 102, 15 to 100 and 13 to 100 F.

The mean

relative humidity throughout the trial was slightly higher in the
closed barn (68.9% vs. 66.4% for the other two types of housing).
The greater dampness might have accounted for the four cases of
pneumonia encountered among the calves housed in the closed barn.
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Hawkins and Autrey (20) at Alabama Polytechnic Institute,
working under conditions very similar to those of Davis et al.
(12) at1:d Murley et al. (34, 35) excep~ that grass was fed to the
calves and some of the outdoor portable pens were placed on areas
contaminated by adult animals, concluded that the growth response
of calves raised in a conventional type barn was very similar to
the growth rate of calves raised in portable outside pens that were
located on clean soil.

The grass which was fed at the rate of one

pound per calf daily increased the TDN intake but did not affect
utilization or rate of gains in body weight within housing groups.
Calves raised in portable outside pens located on areas frequented
by older cattle gained less and had reduced growth rates, as measured by height at the withers, than calves raised in pens positioned on a clean, isolated area.

Gains in body weight per oound of

TDN consumed were greater for calves raised in conventional housing
than for calves raised in portable outside pens.
A study of actual field conditions comparing open versus closed
type buildings for raising dairy calves was conducted by Esmay et al.
(14) at Missouri.

Of 36 separate calf barns studied, 13 were found

to be of the open classification.

Within these 13 herds, 193 calves

were born with a total of seven deaths for a loss of 3.6%.

In the

23 herds with the closed type barn, 630 calves were born with 46
deaths for a loss of 7.3%.

From these figures there appears to be a

substantial difference in the loss rate of calves raised in these
two types of buildings; however, the difference was not significant
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due to the small number of calves involved in this type of study.
Their observations and data from this survey suggested that calves
need a dry place, free from drafts but . providing plenty of fresh air
and sunshine.

in

They also observed that calves did exceptionally well

open type structures but could not derive any conclusive require-

ments from this particular study.
Randel and Rusoff (44) at Louisiana State University noted the
effects of heat stress on growth and feed consumption in the dairy
calf.

In their study, ten female and eight male Holstein calves

were randomly divided shortly after birth into two groups according
to sex.

One group of female and one group of male calves {experi-

mental groups) were assigned to a psychrometric chamber, where air
temperature cycled diurnally from 75 to 95 F and vapor pressure
remained constant to 20 rrnn Hg.

The other two groups (control calves)

were assigned to an open air calf barn, where they were subjected to
ambient Louisiana winter climatic conditions.

The average daily

maximum and minimum air temperatures during the four months of the
experiment (December through March) were 64.6, 43.1; 58.9, 36.6;
73.8, 51.4; and 68.6, 44.8 F, respectively.

The calves of all groups

were kept in individual stalls and the feeding and management regimes
were similar for both the experimental and control animals.

This

particular study was divided into two periods with Period I conducted
from birth to 30 days of age and Period II conducted from 30 to 60
days of age.

When the calves of each treatment reached 91 days of

age they were mixed together in outdoor pens and group fed until 150
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days of age.

Weekly weighings were the only observations con-

tinued during the post-experimental period, which ended for the
younge~t calf on June 30.

During th~ months of April, May, and

June the average daily maximum and minimum ambient temperatures

were 76.8, 55.1; 89.0, 63.9; and 87.9, and 69.5 F, respectively.
Randel and Rusoff's (44) results indicated that the control

calves gained weight more rapidly than the experimental calves,
though the difference was not significant during Period I.

Female

and male calves gained weight at about the same rate during the
first two periods.

Average daily weight gains for the experimental

and control calves during the 60 day post-experimental period was
0. 64 and O. 94 lb (P< • 01), respectively.

They concluded that any

compensatory growth in the experimental calves during the post-experimental period failed to occur, indicating that a period longer
than two months was needed to recover from the previous heat
stress.

The mean body weights of the experimental and control

calves at birth, 90 days, and 150 days of age were 80, 84; 140,
189; and 217, 302 lb, respectively.

The male calves were disposed

of after the post-experimental period, but the experimental and
control female calves weighed 523 and 586 lb, respectively, at
one _year of age.

Both groups had been maintained under normal herd

conditions for the interim seven month period following the experiment.

During the two experimental periods, there was a marked reduc-

tion in solid feed intake by the experimental group of calves in
comparison with the control calves.

This reduced feed intake was
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used to explain the reduced growth rate noted in the experimental
calves.
Very few, if any, actual recommepdations are set forth concerning the environmental factors affecting the growth of the dairy
calf.

Michigan workers (21) have set what they term the "criti-

cal environmental temperature for calves" (CET).
three day old calves was indicated to be 55 F.

The CET for
Below this temper-

ature they noted that the calf was uncomfortable as evidenced by
erection of the hair coat and constriction of blood vessels near
the skin.

Shivering occurred at about 51 F.

The critical temper-

ature drops to about 46 F by the time a calf reaches three weeks
of age.

They stated that calves can survive at much lower temper-

ature and often do, but recommended an environment whereby the calf
is kept comfortable without the expenditure of its body energy by
shivering to keep warm.

They reported that 55 Fis the minimum

practical operating temperature for moisture removal with a reasonable
amount of air movement in calf housing.

Since colder air has low

moisture-holding capacity, too much air would have to be removed
to prevent condensation.
The Michigan workers (21) indicated that small calves occupy
three to five times as much cubic feet per unit of body weight as
do mature cows housed in stanchions.

Even though calves produce

about twice as much heat per unit of body weight as mature cows,
they do not produce sufficient heat to warm the air space occupied.
It was felt by this group that "animal load" (animal heat production
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per cubic foot per hour) by s·m all calves was too low to maintain
pracdcal operating temperatures without insulation and supplemental
heat i~ the calf housing area.
Hallahan (19) investigated the environmental temperature and
relative humidity prevailing within two differently constructed
and managed commercial calf houses located in Michigan.

The two

internal environments were then compared with the outside temperature and humidity;

One house (A) had the floor, walls, and

ceiling insulated and was ventilated by a thermostatically controlled fan.

Heat for this house was provided during winter months

by two electric heaters.

The second house (B) was an old stanchion

barn converted for calf rearing which contained no insulation or
supplemental heat, but contained three two-speed fans for ventilation.

House B had an inadequate ventilation rate and it appeared

impossible to control the enviro·nment without supplemental heat.
The house was too cold for the animals and had an excess of condensation.

Because of this Hallahan concluded that a combination of

insulation, ventilation _, and supplemental heat appeared to be necessary for environmental control of young calf housing during winter
climatic conditions.

Under the summer climatic conditions of

Michigan, House A was again the most ideal.

The ventilation in the

insulated house removed all the latent heat, giving acceptable humidity conditions.

Therefore, if animals are to be housed under proper

environmental conditions; strict control of insulation, ventilation,
and supplemental heat is a must.
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Mature ruminants.

In a discussion of temperature and body substance

gained, Winchester (55) indicated that a direct relationship exists
betwee~ ambient temperature and rate _o f gain when feed is consumed ad libitum.

With other variables held constant and with

an abundant food supply, it can be demonstrated that, for each
type of animal, growth approaches zero near low and high limiting

temperatures at which survival is impossible, and that growth is
greatest at some op·timal ambient temperature.

A species differ-

ence in the effect of temperature can be noted as well.
cites as an example:

Winchester

Shorthorn cattle reared at 80 F weighed about

12% less at 435 days of age than did similar animals reared at 50 F;
gains made by Zebu cattle were somewhat greater at the higher than
at the lower ambient temperature.
Ragsdale et al. (43) used Brown Swiss, Jersey, and Holstein
cattle to study the effect of various humidity and temperature
relationships on feed intake and animal performance.

At low humid-

ity the curves of energy intake of the cows listed did not decline

markedly until ambient temperature reached 95 F.

At high humidity,

feed intake decreased with a rise in temperature above 75 F, and it

dropped rapidly at 95 F.

It was concluded that high humidity imposes

stress upon cattle at temperatures above 75 F and that the effects

of temperature and humidity are additive.
Davis and Merilon (11) utilized a switch-back design to study
the effect of constant environmental temperature and relative
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humidities on feed digestion by lactating Holstein cows.

The

cows were housed in two psychrometric chambers and subjected to
five different temperature and humidity relationships.

Environ-

ments of 80 F and 80% relative humidity, or 90 F and 20% relad.ve hu~idi ty when compared with a control of 65 F and 50%
relative humidity, had little effect on the feed intake and digestibility.

When the cows were subjected to 90 F and 40%

relative humidity d~y matter intake fell to 5.07 lb per day less
than cows in the control environment and feed digestibility increased by 4.35%.

When the environment was shifted to 90 F and

50% relative humidity the effect became even more pronounced with
feed consumption decreased by 6.72 lb or 20% less dry matter per
cow per day and feed digestibility increased by 6.2%.
Weldy et al. (53) observed the responses of winter-conditioned
heifers to prolonged heat stress.

Six yearling Hereford heifers,

accustomed to winter conditions at Beltsville, Maryland, were subjected to 90 degree temperature for 95 days.

The trial began in

the month of January and studies were made to observe the physiological adjustments in response to high atmospheric temperature.
Heat stress decreased average daily gain by 60% and produced
marked biochemical and physiological changes.

During exposure

there was a tendency for a return to the normal in most traits,
indicating that cattle are capable of adjusting to 90 degree temp e ratures particularly after 40 days.
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Other species.

Winchester's (55) report also reveals a distinct

sex difference in response to variable temperatures.

Work with

rabbits at 350 days of age indicated that females reared at 83 F
were only slightly smaller than animals of like sex reared at 48
F, whereas males kept at the higher temperature weighed 30% less
than did males kept at 48 F.

It is also known that optimum tem-

perature for growth varies with the size of the animal.

Winchester

cites work done on swine in which it was demonstrated that optimum
temperatures were 74 and 61 F, respectively, for 100 and 350 lb
swine.

An ability to tolerate high ambient temperature at low,

but not at high humidity has been demonstrated in swine.

At 90 F,

pigs that weighed 200 lb or more failed to lose weight at a relative humidity level as high as 94% but did exhibit an increase in

respiration rate when relative humidity was increased from 30% to
94%.

When the temperature was raised to 96 F, the pigs lost weight

at a relative humidity of 30%; but nevertheless were able to survive for long periods of time.

When, at 96 F, the humidity was

raised to 94%, the evidence of stress imposed on the pigs was
obvious.

However, signs of stress disappeared when the humidity

was lowered to 30%.
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EXPERIMENTAL PLAN
Objectives of the experiment
The objectives of this investigation were:

(1) to compare

an outdoor calf rearing system (cold) with an indoor rearing
system (warm); (2) to compare three weaning ages within and
between each rearing system; (3) to determine the most economical
and efficient combination of system and weaning age by measuring
growth rates, body weight gains, feed consumption, labor requirements, bedding requirements, and general health of the animals.
Experimental procedure
Experimental design.

A 2 X 3 factorial design was used with seven

male and three female Holstein calves per treatment.

The two

environments were (1) natural environment with individual calf pen
and shelter as described in South Dakota State University Agricultural
Engineering Extension Service plan 212, and (2) individual pens
within an insulated barn, containing only the experimental calves,
where temperature was controlled to a minimum of 50 F.

Details of

both the indoor and outdoor structures are given in Appendix Figures
one through five.

Weaning ages of 3, 5, and 7 weeks were employed

within each housing system making a total of six treatments (outside
3, 5, and 7 weeks; and inside 3, 5, and 7 weeks).
maintained in the individual pens for 14 weeks.

Animals were
During the final

12 week period of the 26 week trial, calves were all housed in
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outdoor sheds in loose pens with ·approximately 20 animals per
pen.

Feeding design.

Calves were left with their dams for two and one-

half or three days (five or six feedings) so sufficient colostrum
was made available.

If the dam for some reason had no colostrum,

frozen colostrum was hand fed for the three day period.

The calves

were moved to the individual pens on the fourth day after birth.
This was designated as Day One and marked the start of the milk
feeding period.

Calves were fed eight pounds whole milk per day

except for two days prior to weaning when four pounds per day were
fed.

Animals weaned at 21, 35, and 49 days received 160, 270, and

384 lb of whole milk plus colostrum, respectively.

Fifty milligrams

of antibiotics was added to the AM milk feeding each day.

Except

for the amount of milk offered, the feeding regime was the same for
all animals on the trial.

Starter was offered free choice up to a

maximum of five potmds per day with weighbacks taken on Mondays,
Wednesdays, and Fridays.

Second or third cutting chopped baled

alfalfa-brome grass hay ·was fed ad libitum.
the same day as the starter weighbacks.

Weighbacks were taken

Samples of starter and hay

were taken every other Thursday for anaylsis by standard proximate
analysis procedures as described in the AOAC manual (3).

Starter

composition and chemical analysis as well as the chemical analysis
of the hay are found in Appendix Table 1 and Appendix Table 2.
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Intake was measured during the initial 14 week period but was
not recorded during the final 12 weeks when the animals were in
the loose pens.
Growth measurements.

Calves were weighed at birth except for

those animals which were purchased from private individuals.

All

animals were weighed and measured on Day One (when they were placed
in the individual pens).

Body measurements included:

withers to

hips, withers to pins, height at withers, depth of chest, and circumference of chest.

Calves were weighed weekly during the initial

14 week period on the day corresponding to that on which each animal
started the ·trial.
and 14 weeks of age.

Body measurements were also taken at 3, 5, 7, ·
Final weights and body measurements were

taken when each calf reached 26 weeks of age and was removed from
the trial.
Bedding.

Bedding in both systems during the 14 week period consisted

of a combination of sawdust and wood shavings.

The amount of bedding

added to each pen for ea~h individual was recorded so that total
bedding requirements per animal could be obtained.

As all animals

were housed and fed alike during the final 12 week period, no attempt
was made to record bedding required.
Labor requirements.

A time study was taken on Tuesday of each week

by means of a stopwatch to determine labor requirements.

Timings

were taken for feeding milk, starter, hay and water; for adding
bedding; and for pen cleaning.
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Temperature and humidity data.

Two methods of recording temper-

ature and humidity were utilized in this study.

In the first

method (I), both temperature and humidity were hand recorded at
7

11 AM, 3 PM, and 5 PM every third day with recordings taken

inside the calf barn, inside the hutch, and in the outside environment.

The second method (II) made use of a Hygro-thermograph which

recorded continuous temperature and humidity for a seven day period.
This recorder was aiternated weekly between the inside calf barn and
the calf hutch.
1968.

Method I was used between September, 1967, and May,

Method II was used between June, 1968, and January, 1969.

Outside environment temperatures and humidities for the method II
period were obtained from the weather bureau maintained by the
Agricultural Engineers on the University campus.
Health records.

Health records were kept on each individual animal

on the trial by the Production Unit herdsman.

Records kept included

scours, pneumonia, bloat, and death losses.
Milk fat test.

Milk samples taken each Thursday from both the Ai~ and

PM feedings were analyzed in the South Dakota State Wide Services
laboratory by the Babcock Method (3).

Results of those ~nalyses

are _g iven in Appendix Table 3.
Statistical analysis.

Procedures outlined by Steel and Torrie (46)

were followed for statistical analysis.

All analyses of variance
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computations were run through the lBM 360 computer.

Chi-square and

orthogonal single degree of freedom tests were done on a Monroe
calcula~or.
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RESULTS. AND DISCUSSION
In the following presentation, abbreviations will be utilized to designate the, housing system and weaning age of the
calves under discussion.

The capital letters ''O" and "I" will

be used to designate the outdoor calf hutch and the indoor calf
barn, respectively; and the numbers 3, 5, and 7 will designate
weaning ages of three, five, and seven weeks, respectively.
example:

For

"0-3" will be the designation used for calves weaned

at three weeks of age and reared in the outdoor calf hutch.
Growth of calves.

Average weight gains during the 26 week period

are given in Table 1.

Average daily gains for the six experimental

groups during the period of 1-14 weeks were not significantly different (P> .05) between housing systems or weaning ages although
calves housed indoors had a slightly higher daily gain during this
time than calves housed in the calf hutches.

The I-3 calves gained

0.20 lb per day more than 0-3 calves but little difference could be
observed between any of the other weaning ages.
During the neriod of 14-26 weeks, when all calves were housed
together in loose pens, average daily gains were not significantly
different (P> .05) b·e tween housing systems or weaning ages.

Calves

which were housed outdoors during their first 14 weeks and were
weaned at three and five weeks of age appeared to gain slightly more
weight during this latter 12 week period than other calves.

This may

be due to the calves being acclimated to the outdoor environment and
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Table 1.

Group

Average daily weight ' gains for 26 week period.

1-14

weeks
14-26

1-26

- - - - - - - - - - - lb - - - - - - - - - 0-3

1.44

1.91

1.65

I-3

1.64

1.67

1.65

0-5

1.46

1.92

1.67

I-5

1.47

1.86

1.65

0-7

1.48

1.77

1.67

I-7

1.55

1.77

1.63

X

1.51

1.82

1.65

-
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therefore a large transition was not required as possibly was
required by those housed indoors.

However, the calves weaned

at seven weeks showed no difference between housing sys terns as
far as daily gain during this period; therefore, tending to
reduce .the validity of this theory.
The average daily gains for the entire trial (1-26 weeks),
as shown in Table 1, showed no sigificant differences (P) .05)
between housing systems or weaning ages.

The widest spread

observed between any of the six groups was only 0.04 lb gain per
day illustrating the fact that calves can be weaned at three weeks
of age and housed outdoors in individual pens and yet display growth
rates similar to calves weaned as late as seven weeks of age housed
in a heated environment.
Average change in growth measurements is given in Table 2.
This table gives the six growth measurements recorded during the 26
week trial and divides then into the two distinct periods (1-14
weeks in individual pens, and 14-26 weeks in loose pens).

During

the initial 14 week period, no significant differences (P> .05) were
observed between housing systems or weaning ages for any of the
growth measurements.
ferences (P

>. 05)

In the 14-26 week period, no significant dif-

were noted between systems or weaning ages except

that calves housed outdoors had significantly greater (P< .05) heigh t
at the withers than calves housed indoors.

When total increase over

the entire 26 week period was observed, it was seen that this larger
increase during the 14-26 week period was made in compensation for

Table 2.

Grou£

0-3

Average change in growth measurements_.

Weeks

Cir. of chest
(cm)

14.9
12.3
27.2

11.9
7.8
19.7

27.2
23.2
50.4

1-14
14-26

160.1
140.7
300.8

15.8
11.0
26.8

19.4
15.0
34.4

13.8
9.1
22.9

8.1
6.3
14.4

28.8
20.5
49.3

1-14
14-26

142.9
161.4
304. 3

14.9
12.1
27.0

17.8
17.3
35.1

13.2
11.2
24.4

11.1
9.7
20.8

27.4
21.0
48.4

1-14
14-26

144.2
156 .9
301.1

16.5
11.3
27.8

19.6
15.7
35. 3

13.7
11.0
24.7

11.5
10.6
22.1

26.1
23.5
49.6

1-14
14-26

145.8
159 .1
304.9

15.3
13.0
28.3

21.3
16.5
37.8

14.3
11.5
25.8

10.8
7.4
18.2

27.6
21.9
49.5

1-14
14-26

147.7
148.3
296 .o

16.0
10.3
26.3

19.7
17.1
36.8

13.3
12.1
25.4

12.2
9.3
21.5

28.7
21. 3
50.0

Total

I-7

Depth of chest
( CD!) --

19.5
18.1
37.6

Total

0-7

Withers to hips
(cm_)

14.3
12.7
27.0

Total

I-5

Withe rs to pins
(cm)

142.9
160.7
303. 60

Total

0-5

Height-withers
(cm)

1-14
14-26
Total

I-3

Body wt.
(lb)

Total
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slower growth rates in this measurement during the initial 14 week
period.

As

no other growth measurements differed and no signifi-

cant differences were observed in average daily gains, it could
be concluded that neither housing system nor weaning age nor a combination of the two had much, if any, effect on the growth rate of
young dairy calves.
Starter consumption.

Total starter consumption for the six experi-

mental groups is given in Table 3 and average individual starter
intake per week is given in Table 4.

Starter consumption was not

significantly different (P> .05) between housing systems but a significant difference (P

< .01)

was observed among weaning ages.

A

single degree of freedom orthogonal contrast revealed that calves
weaned at three weeks of age consumed significantly more (P< • 01)
starter than calves weaned at five or seven weeks of age.

Calves

weaned at five weeks housed in the hutches consumed approximately
30 lb more starter than calves housed in the indoor barn and about
35 lb more than calves housed in either system weaned ~t seven

weeks; however, these differences were not significant at the
(P

> .05)

level.

Weekly average individual intakes (Table 4) showed

that intakes the week following weaning were almost double those
of the previous week.

Weekly individual starter intakes were much

higher during the early stages of the initial 14 week period for
the calves weaned at three weeks in comparison to those weaned
at five and seven weeks of age.

However, by the tenth week intakes
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Table 3.

Group

Group average total consumption.

Hay

·Starter

Milk*

------

{lb)

------

----

0-3

160.0

315.4

143.2

I-3

160.0

328.0

157.8

0-5

~72.0

276.5

163. 9

I-5

272.0

247.0

190.8

0-7

384.0

241.9

149.2

I-7

384.0

243.0

164.0

* This does not include colostrum milk consumed
with the dam prior to starting on the trial.

by the calf while
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Table 4.

Group

Average individual starter consumption.

1

2 ·

3

--- --------

week

4

(lb/week)

5

6

7

- ----- -- --

0-3

1.48

2.21

5.34

12.83

16 .93

23. 98

25.55

I-3

1.70

2.90

5.95

14.60

18. 71

23.50

28.24

0-5

1.33

d.63

4.20

6.45

8. 98

18. 93

24.35

I-5

1.00

1.80

3.55

5. 30

6 .63

12.99

18.90

0-7

1.10

1.68

2.23

2.75

6.56

9.37

14.25

I-7

1.23

1.78

3. 30

5.93

8.08

11.65

14.25

8

9

13

14

Group

10

---------

week

11

(lb/week)

12

----------

0-3

29.30

30.18

33.23

33.58

34.15

32.90

33.80

I-3

31.68

32.05

33. 93

33.85

34.40

33.18

33. 35

0-5

27.15

27.98

30.73

32. 30

31.30

31.93

32 .80

I-5

23.90

23.83

26.13

28. 30

29.83

32.00

32.88

0-7

21.65

24.60

28.28

30 .45

31. 85

33.50

33.60

I-7

20.35

26. 35

27. 85

28.68

30 .30

31.13

32.20
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Table 5.

Group

Average individual hay consumption.

1

2 '

3

---------- -

week
4
(lb/week)

5

6

7

------ ------

0-3

1.53

0.25

1.03

2.18

4.15

5.20

6. 70

I-3

0 . 85

0.80

1.05

3.88

5.28

6.95

7.78

0-5

0.93

0.65

1.43

2.63

4.28

6.28

9.90

1-5

1. 00

1.53

1.28

2.88

5.28

10.45

12.55

0-7

0.80

0.65

1.03

2.13

3.79

6. 35

8.50

I-7

0.93

0.38

0.68

2.18

3.88

6.10

8.35

8

9

10

week
11

12

13

14

Group

---------

(lb/week)

------ ----

0-3

9.49

11.88

13. 93

16.44

20.18

23.48

26.80

I-3

9.45

11.00

15.25

18.95

23. 70

24.60

28.33

0-5

12.70

13. 43 -

16.95

20.85

22.65

25.45

25.80

I-5

14.05

16.78

19.65

22.65

26.60

26.60

29.58

0-7

12.33

13.15

14. 30

17.20

20. 30

22.83

25.83

I-7

13.43

13.25

16.18

19.25

22.83

27.18

29.38
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Table 6.

Pounds of body weight gain per pound of crude protein consumed.
·

Group

Crude :erotein consumed
Starter
Hay
Milk

0-3

52.04

- - (lb)
26 .30

I-3

54.12

0-5

Total

lb gain/lb
CP consumed

5.60

83.94

1.70

28.98

5.60

88.70

1.80

45.63

30.09

9.52

85.24

1.68

I-5

40.76

35.04

9.52

85. 32

1.69

0-7

39 .91

27. 39

13.44

80.74

1.81

I-7

40.10

30.10

13.44

83.64

1.77

Table 7.

Group

- - - --

Pounds of body weight gain per therm of net energy intake*.

Starter

Net energy intake
Hay
Milk

Total

lb gain/ therm
of net energy

- (Therms) - 48.32
57.29

355.74

0.40

0-3

250.13

I-3

260.13

63.14

48.32

371.59

0.43

0-5

219.29

65.56

82.14

366.99

0.39

I-5

195.88

76.34

82.14

354.36

0.41

0-7

191. 79

59.66

115. 9 7

36 7. 42

0.40

I-7

192.74

65.58

115.97

374.29

o. 39

*

Net energy values calculated from values presented in appendix
table II of Morrison's Feeds and Feeding, 22nd edition.
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were close to equal and by 13 weeks intake levels were essentially
the same for all three weaning ages and both housing systems.
Hay consumption .

Aver.a ge total hay consumption for the six groups

i~ given in Table 3 with average individual hay intake per week
given in Table 5.

Analysis of variance studies revealed that there

were no significant differences (P > .05) in hay consumption between
housing systems or among weaning ages.

A large increase in hay

consumption after weaning occurred for calves weaned at three weeks
of age but the same degree of increase did not occur for calves
weaned at five or seven weeks of age.

By nine weeks of age, intakes

for all groups were close, but equal intake among experimental
groups was not achieved until the 12th week of age.

Calves weaned

at five weeks and housed indoors consumed 30-40 lb more hay over
the 1-14 week period than did the other five experimental groups
but again this was not significant (P > .05).

Hay consumption for

calves housed indoors was slightly higher in all cases.

This may be

due to the fact that hay fed in the hutches occasionally became wet
during inclement weather- and therefore palatability may have been
somewhat reduced.
Efficiency of growth.

Computations were made in an attempt to deter-

mine if a particular housing system, weaning age, or combination of
the two was more efficient as determined by feed intake and weight
gain during the 1-14 week period in which calves were housed individually.

Table 6 shows the pom1ds of body weight gain per pound of
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crude protein consumed taking into account the crude protein
received through the starter, hay, and milk.

Table 7 gives the

pounds c;,f body weight gain per therm o_f net energy intake received
from starter, hay, and milk consumption.

The pounds gain per

pound of crude protein consumed were not significantly (P> • 05)
affected by housing systems or weaning ages.

As

has been noted

before, starter intake and crude protein intake from the starter,
decreased as the weaning age increased.

Crude protein intake from

the hay was nearly equal for all six groups but the level of crude
protein received from the milk varied with length of the milk
feeding period.

The increased crude protein intake from the longer

milk feeding periods of the later weaned calves compensated for the
decrease brought about by the reduced starter consumption of these
calves.

Total crude protein consumed from the three feed sources was

nearly equal in all cases.

From the standpoint of pounds gain per

pound of crude protein consumed, no difference of any magnitude was
noted in the efficiency between the six experimental groups.
The relative net energy intake values (Table 7) were quite
similar to those of crude protein intake.

Net energy intake from the

starter decreased with the increasing weaning age while net energy
intake from the hay remained relatively constant over the three
weaning ages.

As

with crude protein intake, the type of housing

system had no apparent influence over net energy intake.

Net energy

derived from the milk increased as the length of milk feeding period
increased with no apparent influence brought about by either housing
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system.

When pounds of gain per therm of net energy intake are

calculated as in Table 7, it was seen that no apparent. difference
existed . between housing systems, weani_ng ages, or combinations of
the two.

Therefore, in view of the equality exhibited by all calves

in relation to pounds gain per pound of crude protein constnned and
in relation to pounds gain per therm of net energy intake, it could
be concluded that the relative efficiency for all practical purposes
is equal for the two housing systems and the three weaning ages.
Health of calves.

Table 8 outlines the health problems recorded

over the 1-14 week period.

Chi-square analysis of the cases of .

scours revealed that there was no significant difference (P> .05)
in the number of cases of scours between the inside heated barn
calves and those housed in the outdoor hutch.

However, there was a

significant difference (P<. .01) between calves weaned at seven weeks
and those weaned at three and five weeks.

Calves in the seven week

group experienced 17 cases of scours in comparison with 4 and 7
cases for the five and three week groups, respectively.

It appeared

that calves weaned at seven weeks of age were more susceptible to
scours than were earlier weaned calves.

Analysis of pneumonia

cases showed that there was no significant difference (P> .05) between
hous"ing systems or weaning ages.

Even though not significant, the

inside calves had three cases of pneumonia compared to only one for
calves in the hutches.
tion of the two systems.

This should not be overlooked in an evalua-
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Table 8.

Group

Health records.

Scours

Pnelllllonia .

----

Deaths

Bloat

------

(Cases)

0-3

3

0

l*

0

I-3

4

0

0

0

0-5

1

1

1

0

I-5

3

2

l*

0

0-7

9

0

0

0

I-7

8

1

2

1

* · Due to abnormal intestinal tract.
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Five deaths occurred during ·t he 14 week period in which all
calves were in the individual pens.

Two of the five, 2857 (I-5)

and 2895 (0-3) had abnormal tracts and· were killed when it became
apparent that they were not normal calves.

Calf number 2920 (I-7)

suffered severe scours and was killed after extensive veterinary
care had been attempted.

Severe pneumonia claimed 2873 (0-5); and

2899 (I-7) died from a case of Bovine Viral Diarrhea.
Only one case of bloat occurred during the 14 week period.
The calf was an I-7 animal and suffered minor bloat problems during
the latter portion of the 14 week period.
Except for 2873, 2899, and 2920, all calves responded to treatment of scours and pnetnnonia with few requiring more than one treatment.
These data tend to indicate that the housing system, if carefully managed, does not influence to any extent the state of health
of the young dairy calf.

However, the length of milk feeding period

does exert an effect on the health of the calf by increasing the
incidence of scours and pneumonia as weaning age is increased.

From

these data, it seems reasonable to assume that weaning at an earlier
age will reduce the probability of occurrence of scours and pneumonia.
Labor studies.

Table 9 gives time required for each segment of man-

agement during the milk feeding period and Table 10 gives the labor
required during the period of time in which the calf was in the individual pen while weaned.

Table 11 gives the total labor required for

each calf for the entire 14 week period in which the calf was housed
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Table 9.

Labor required during milk feeding period.
Outside group

Inside group

Milk feeding

84 sec/calf/day

94 sec/calf/day

Watering

52 sec/calf/day

44 sec/calf/day

Grain f~eding

32 sec/calf/day

24 sec/calf/day

Hay feeding

30 sec/calf/day

30 sec/calf/day

Sub total

198 sec/calf/day

192 sec/calf/day

Sub total/week

1386 sec/calf

1344 sec/calf

Pen cleaning

175 sec/calf/week

393 sec/calf/week

Pen bedding

72 sec/calf/week

90 sec/calf/week

1633 sec/calf/week

1827 sec/calf/week

Total

Table 10.

Labor required during weaned period.
Outside group

Total time

Table 11.
Weaning age

1045 sec/calf/week

Inside group
1169 sec/calf/week

Total labor Eer calf for fourteen week Eeriod.
Outside group

Inside group

3 week

4 hr 33 min 14 sec

5 hr 05 min 40 sec

5 week

4 hr 53 min 00 sec

5 hr 27 min 36 sec

7 week

5 hr 12 min 26 sec

5 hr 49 min 32 sec
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in the individual pens.

The data ·presented in these three tables

are averages taken from a minimum of 30 and a maximwn of 60 observations . recorded over a 15 month perio_d .
a single individual doing the work.

All figures are based on

Very little difference pre-

vails between inside reared calves or hutch reared calves when time
for feediag milk, grain, hay, and water are compared.

A total of

only six seconds difference divides the two housing systems on a
per day basis or 42 ·seconds on a per week basis.

The spread in time

required for the two groups occurs when pen cleaning and bedding are
taken into consideration.

Calves housed in the hutch required only

45% as much time for pen cleaning as did those housed in the indoor
barn.

This difference is due to the fact that the hutches were

cleaned on the average of only once every two weeks while the indoor
individual pens were cleaned weekly.
pens.

The same is true of bedding the

Bedding of the hutches required only 80% of the time taken to

bed the indoor individual pens.

Again, indoor pens were bedded

twice each week while outdoor hutches were bedded only once per week.
When all labor factors are totaled, a margin of 194 sec per week is
observed in favor of those animals housed in the outdoor calf hutch.
However, when the calves are weaned and the time for milk feeding is
deleted from the total, the margin narrows with a difference of 124
sec per week between the two housing systems.
When labor requirements of the entire 14 week period are
totaled as they are in Table 11, the difference in labor requirements
between weaning ages becomes readily apparent.

Approximately 20
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minutes per animal is saved over the 14 week period when outside
three and five week weaned animals are compared.

The same 20

minute ~pread is observed between the outside five and seven
week animals; with 40 minutes dividing the outside three and seven

week calves.

The same relationship holds with the calves reared

inside th~ calf barn.

Differences between inside three and five,

five and seven, and three and seven are 22, 22, and 44 minutes,
respectively.
If $2.00 per hour is assumed as a reasonable cost for this
type of labor, then a savings of only $0.66 is realized by weaning
calves outside at three weeks rather than five weeks, and by weaning
at five weeks rather than seven weeks; and $1.32 is saved by weaning
at . three weeks rather than at seven weeks.

For calves reared inside

the calf barn, these savings amount to $0.74, $0.74, and $1.48, for
three over five, five over seven, and three over seven week weaning
ages, respectively.
Comparisons between weaning ages and rearing systems may also
be made.

Calves weaned at three weeks in the hutch require approx-

imately 32 minutes less labor than calves weaned at three weeks in
the indoor barn.

For calves weaned at five and seven weeks this

figure is 35 and 37 minutes, respectively, with calves in the hutch
requiring less labor in both cases.

Again using the $2.00 per hour

labor cost figure, this would account for a savings of $1.06, $1.16,
and $1.24 per calf when comparing the outside vs. inside three, five,
and seven week weaned animals, respectively.
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Other comparisons can be ·made such as outside three week
calves vs. inside five week weaned calves, etc.

However, it

seems reasonably obvious that very little actual difference occurs
between either housing systems or weaning ages or various combinations of the two.

Unless extremely large numbers of calves are

raised, labor requirements and labor costs would probably not be
a factor in choosing one housing system over the other or one
weaning age over the others.
Bedding requirements.
Table 12.

Average bedding requirements are given in

Calves housed in the indoor calf barn required signifi-

cantly more. (P < .01) bedding than calves in the outdoor hutches.
Indoor calves were restricted to one-half the space allowed calves
in the outdoor hutches and therefore the indoor individual pens had
to be cleaned and bedded more frequently.

No significant difference

(P > . 05) was observed between weaning ages al though calves weaned
at seven weeks of age did require less bedding than did the other
two weaning ages.

After much thought, no reasonable explanation for

this fact is offered.
Temperature and humidity, Method I period.

Comparisons of tempera-

tures and humidities in the calf hutch and in the calf barn as
related to outdoor ambient conditions are given in Table 13.

The

temperatures recorded in either housing system were higher than those
taken outdoors.

Variations were much less between temperatures in

the hutch and those outdoors when measured by the difference between
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Table 12.

Weaning_

Average bedding requirements in total pounds per calf.

Outside Group

Inside Group

(lb)

(lb)

3 week

222.55

327.55

5 week

224.65

340.60

7 week

191.25

284.45
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Table 13.

Date

Sept '6 7

Method I temperature artd humidity relationships*.

TemEerature
Barn
Hutch

Humiditi
Hutch
Barn

(F)

(%)

(F)

(%)
5-10 higher

0-10 higher

0-2 higher

5-10 higher

Oct '67

10 higher

0-4 higher

0-4

lower

8-24 higher

Nov '67

15-=25 higher

2-8 higher

2-5

lower

20 higher

Dec '67

22-28 higher

2-5 higher

2-5

lower

15-20 higher

Jan '68

30-40 higher

3-9 higher

7-10 lower

15-20 higher

Feb '68

30-40 higher

3-7 higher

0-11 lower

8-15 higher

Mar '68

15-28 higher

2-6 higher

2-38 lower

3-8

1-7 higher

0-20 lower

5-12 higher

April '68
May '68

higher

Missing**
0-10 higher

*

All figures given in relation to recordings taken in outdoor
environment.

**

Thermocouple recorder used during this period but data were not
reliable.
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temperatures in the calf barn compared to those recorded outdoors.
This is due to the fact that the indoor barn was heated to a minimum of 50 F; therefore, when the outdoor temperatures dropped
during the winter months, the spread became quite wide in the
latter case.

Temperatures within the hutch closely followed the

pattern set by those recorded outdoors with the biggest disparity
coming again during the months of coldest weather.

The difference

between the hutch and the outdoors became greater as the temperatures dipped below the zero mark.

Temperatures in the hutch were

as much as 15 degrees warmer when the outdoor temperatures dropped
20 to 25 degrees below zero during the month of January.
Humidity percentages, except for September 1967, were lower in
all instances in the calf barn when compared to the outdoors.

The

direct opposite was true for the environment within the calf hutch.
All comparisons showed higher humidities in the calf hutch with
greatest differences during November, December, and January when the
calf spent the greater part of the day in the hutch.
Temperature and humidity, Method II period.

A hygro-thermograph was

utilized during the Method II period (June 1968, to January 1969) to
observe the temperature and humidity relationships within each housing
system.

Continuous seven-day charts were recorded showing tempera-

ture and humidity.

Figures 1, 2, 3, and 4 illustrate these charts

and give an indication of the trends observed during this period.
Figure 1 was recorded in the calf hutch between September 9 and
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September 15, 1968, and depicts a .typical relationship observed
between temperature and humidity during the warm months.

It can be

seen that peak temperatures were reached in the hutch between two
and four in the Rfternoon.

Immediately following this peak, tem-

perature_s dropped rapidly until a low was reached between six and
eight in the morning.

As ·can be seen in Figure 1, this cycle was

repeated rather precisely with variations being mainly in the
degree of fluctuation of temperatures rather than in the fluctuation of the cycle itself.
Figure 1 (September 9-15) humidity percentages followed a
cycle inverse of that recorded for temperatures.

Lowest humidities

were recorded between two and four in the afternoon with an immediate increase countering the decrease in temperature.

Peak humid-

ities were reached by 10 PM and continued at this peak level through
8 AM at which time a rapid decrease occurred.

Again, as with tem-

peratures in the hutch during the warmer periods, this cycle was
repeated with regularity during the warm months.
Figure 2 illustrates conditions within the hutch during the
colder months.
1968.

As

This particular chart was recorded November 11-17,

can be seen, no obvious temperature cycle is visible as

was recorded during the warmer periods.

Temperature fluctuations

are erratic and tend to follow outdoor temperatures more closely than
during the warmer months.
Figure 2 humidity percentages are nearly linear with fluctuations or visible cycles negligible.

During cold weather, especially
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when temperatures were below freezing, the humidity in the calf
hutch was at or near 100% almost continuously.

This is probably

due to the calf staying in the confines of . the hutch constantly
except to eat and drink rather than due to the humidity of the
outdoor -environment.
Figure 3 is a chart recorded July 15-22, 1968, in the calf
barn .

A cycle similar to that recorded in the calf hutch during

warm weather can be seen on this chart.

Temperature fluctuations

are not as great as those in the hutch nor are the fluctuations in
ht.nnidity.

The humidity cycles in the calf barn during this period

are similar to those in the hutch but are not as variable.

Levels

of 100% are not reached as often; and if reached, do not remain at
this level for any length of time.

Again temperature and humidity

relationships are inverse as they were in the calf hutch.
Figure 4 illustrates conditions in the calf barn during cold
weather (December 16-22).

Temperature is nearly linear at the 50

degree level as the four electric heaters were in full operation.
Nearly all fluctuations were due to the on-off operation of the
heaters and did not appear to be influenced to any extent by the
calves or the outside environment.

Humidity levels were fairly

constant as well during this period with fluctuations being somewhat greater than those observed in the temperature but still in
inverse order.
Appendix Figures 6, 7, 8, and 9 are graphs of the four previous
charts comparing temperature and humidity within the hutch and
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within the calf barn with temperature and humidity in the outside
environment during the same period.

These graphs show that con-

ditions in the calf hutch closely follow the ·ambient environment
during warm weather wi,th greatest variation being in humidity
during the evening hours.

During these hours, the difference

would be as much as 20-30% with the htnnidity in the hutch being
higher than outdoors.

During the colder months, temperature in

the hutch was in direct relation with that outdoors and very little
if any spread was observed between the two environments.

Humidity

in cold weather remained quite high in the hutch and at all times
was near 100% constantly.

Outdoor humidity was generally 15-20% .

lower than that in the hutch and fluctuated considerably more.
Conditions in the calf barn during warm weather closely paralleled the outdoor environmental temperature and humidity with
differences being less marked than were those in the hutch.

How-

ever, during colder weather, the spread between the two temperatures because of the supplemental heat in the calf barn again
became quite great.

Humidity during the winter months was nearly

always lower in the calf barn than outdoors but relationships
between the two were less direct than during the warm months.

It

appeared that humidity in the barn in some cases followed the
pattern set in the outdoor environment but was as much as 12 hours
behind.

In other cases, no relationship between outdoors and in-

doors could be seen.
When a comparison is made between the environment in the calf
barn and the environment in the calf hutch, it can be seen that
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those animals housed indoors enjoyed considerably warmer temperatures and lower humidities than those housed in the outdoor calf
hutch. · These advantages in environment should influence growth
rates but daily gains during the 1-14 week period were not significantly · different (P) .05) between those animals reared in the
calf barn compared to those reared in the calf hutches.

.

It could

therefore possibly be concluded, that under the environmental conditions found in this study, that the environment does not play
the active role once suspected in growth rates of young calves.
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Temperature and humidity relationships, November 11-17, 1968, recorded in
calf hutch.
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Temperature and humidity relationships, July 15-22, 1968, recorded in
indoor calf barn.
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SUMMARY

A 2 X 3 factorial design trial with seven male calves and
three females per treatment was used to compare an outdoor calf
rearing system (calf hutches) with an .i ndoor system (heated calf
ham) at three weaning ages (3, 5, and 7 weeks).

Growth measure-

ments, health records, labor studies, and temperature and humidity
relationships were compared.
Average daily gains were not significantly different (P) .05)
between housing systems, weaning ages, or combinations of the two.
Average change in growth measurements was not significant (P) . 05)
except for height at withers for outside reared calves during the ·
14-26 week period.

It was concluded that this greater increase

was compensation for slower growth during the initial 14 week
period.
Starter consumption was not significantly different (P >. 05)
between housing systems but calves weaned at three weeks of age
consumed more (P 4' .01) starter than calves weaned at five or seven
weeks of age.

Hay consumption was not significantly different

(P>.0S) between housing systems, weaning ages, or combinations of
the two.

Relative efficiency, as measured by body weight gains

per pound of crude protein consumed and per therm of net energy
intake, was equal for the two housing systems and three weaning ages.
Analysis of health records revealed that the method of housing
had no effect on the health of the calves.

However, calves weaned
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at seven weeks of age were more susceptible to scours than were
calves weaned at three or five weeks of age.
Labor studies revealed that little difference existed between
housing systems, weaning ages, or various combinations of the two.
Unless large numbers· of calves are raised, labor requirements
would not be a decisive factor in choosing one housing system over
the other or one weaning age over the other two.
Calves housed i ·ndoors required significantly more (P< .01)
bedding than calves housed outdoors but this difference was due
mainly to the indoor calves being restricted to half the space
allowed outdoor reared calves.

Weaning age had no effect on bedding

requirements.
Calves housed indoors enjoyed a much milder environment than
those housed in the outdoor hutches but this advantage had no
apparent effect on growth rates or general health of the calves.
Some benefits may be derived by weaning dairy calves at early
ages (21 days of age) but the system or method of housing (heated
barn vs. outdoor calf hutches) is not a deciding factor if proper
management practices are followed.
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CONCLUSIONS
The following eonclusions were drawn from results obtained
in this experiment:
(1)

Young dairy calves can be we~ned from milk at three

weeks of age and exhibit growth rates comparable to calves weaned
from milk at five or seven weeks of age.
(2)

Young dairy calves can be reared in outdoor calf

hutches and be as efficient as calves reared in an indoor heated
barn.
(3)

Various combinations of housing systems and weaning

ages have no . apparent ef feet on the growth rate of young dairy
calves.
(4)

Calves weaned at three weeks of age consumed more starter

to compensate for crude protein and net energy normally supplied by
the milk given to calves weaned at later weaning ages.
(5)

As measured by crude protein and net energy intake,

efficiency of calves was equal for the two housing systems and the
three weaning ages.
(6)

No apparent deleterious influence was exerted on the

calves' state of health by either housing system.
·(7)

Calves weaned at seven weeks of age exhibited a greater

affinity for scours problems than calves weaned at three or five
weeks of age.

73

(8)

Labor requirements or labor costs would not be a factor

when determining housing system or weaning age unless ·extremely
large n_umbers of calves are raised.
(9)

Calves reared in the indoor calf barn required con-

siderably more bedding than outdoor calves because of less space
allowed per animal.
(10)

Calves housed in the indoor barn enjoyed an environ-

ment that consisted·of milder temperatures and humidities and less
fluctuation than the environment inhabited by calves in the hutches.
However, growth rates were not influenced by the housing system.
(11)

Some advantages are held by calves weaned from milk at

earlier ages but the type of housing system depends upon the situation at hand, such as existing facilities, rather than being determined by labor requirements, animal health, or growth rates.

74
LITERATURE CITED
1.

Ackerman, R. A., Thomas, R. O., and Hatch, R. C. 1968.
Effect of Once-a-Day Feeding on Growth of Calves.
J. Dairy Sci., 51:971. (Abstr.)

2.

Agabawi, K. A., El Sayed Osman, H., and Abou Akkada, A. R.
· 1968. Feed Efficiency, Ruminal Activity, and Effects
on some Blood Constituents of Early Weaned Calves.
J. Dairy Sci., 51:744.

3.

A.O.A.C. 1960. Official Methods of Analysis. 9th ed.
Associati9n of Official Agricultural Chemists, Washington, D. C.

4.

Brown, L. D., Emery, R. S., and Lassiter, C. A. 1964.
Effects of Milk Feeding Level at Various Ages on Growth,
Feed Consumption, and Incidence of Scours on Young Dairy
Calves. J. Dairy Sci., 47:688. (Abstr.)

5.

Brown, L. D. and Lassiter, C. A. 1962. Protein Energy Ratios
for Dairy Calves. J. Dairy Sci., 45:1353.

6.

Brown, L. D., Lassiter, C. A., Everett, J.P. Jr., Seath, D. M. ·,
and Rust, J. W. 1958. Effect of Protein Level in Calf
Starters on the Growth Rate and Metabolism of Young Calves.
J. Dairy Sci., 41:1425.

7.

Bryant, J. M., Foreman, C. F., Jacobson, N. L., and McGilliard,
A. D. 1967. Protein and Energy Requirements of the Young
Calf. J. Dairy Sci., 50:1645.

8.

Castle, M. E., and Watson, J. N. 1959. A Comparison Between
an Early Weaning and a More Conventional System of
Rearing Dairy Calves. Ani. Prod., 1:31.

9.

Clark, R. D., and Whiting, F. W. 1959. Raising of Dairy Calves
with Limited Amounts of Milk. J. Dairy Sci., 42:922.
(Abstr.)

10.

Daniels, W. H. (not dated). Sound Calf Nutrition Equals Profitable Calves. Connecticut Cooperative Extension Service
Periodical.

11.

Davis, A. V., and Merilan, C. P. 1960. Effect of Constant
Environmental Temperatures and Relative Humidities on Feed
Digestion by Lactating Holstein Cows. J. Dairy Sci.,
43:871. (Abstr.)

75

12.

Davis, L. R., Autrey, K. M., Herlich, H., and Hawkins, G. E.,
Jr. 1954. Outdoor Individual Portable Pens Compared
with Conventional Housing for Raising Dairy Calves.
J. Dairy Sci., 37:562.

13.

Erb, R. E. and Murdach, F. R. 1951. Open Shed Versus Conventional Housing for Dairy Calves. J. Dairy Sci.,
34:503.
.

14.

Esmay, M. L., Williams, H.F., and Gyer, B. E. 1953. Young
Dairy Calf Housing in Missouri. University of Missouri
College of Agriculture Res. Bull. 527.

15.

Gardner, R. W. · 1968. Digestible Protein Requirements of
Calves Fed High Energy Rations Ad Libitum. J. Dairy
Sci. , 51 : 888 •

16.

Gardner, R. W., and Maqsood, A. 1968. Effect of Pelleting
High-energy Calf Starters Fed Ad Libitum on Protein
Requirements and Efficiency of Growth. J. Dairy Sci.,
51:972. (Abstr.)

17.

Gaunya, W. S. 1962. Comparison of a High-milk and a Low-milk
Method of Raising Calves. J. Dairy Sci., 45:145. (Abstr.)

18.

Gorrill, A. D. L. 1964. A Comparison of Weaning Dairy Calves
by Body Weight Versus Age from Whole Milk or Milk Replacer. Canadian J. Ani. Sci., 44:327.

19.

Hallahan, H. V. 1967. A Study of Environmental Factors in
Calf Housing. Masters Thesis. Michigan State University,
East Lansing, Michigan.

20.

Hawkins, G. E., Jr. and Autrey, K. M. 1956. Effects of Feeding
Grass and of Sanitation on Growth of Yotn1g Dairy Calves
Under Two Systems of Management. J. Dairy Sci., 39:196.

21.

Hilman, D., Armstrong, D. V., Beck, C. C., Cargill, B. F., and
Ellis, D. J. 1965. Raising Calves to Improve the Dairy
Business. Michigan State University Extension Bull. 412.

22.

Horrison, N. H., Warner, R. G., Sander, E. G., Loosli, J. K.,
Slack, S. T., and Turk, K. L. 1960. Relative Growth and
Appearance of Young Dairy Calves Fed Two Levels of Milk
with a Simple or Complex Calf Starter. J. Dairy Sci.,
43:1084. (Abstr.)

23.

Huber, J. T., and Miller, W. L. 1964. Effect of Level of Protein in the Milk Replacer and Starter on Calf Growth.
J. Dairy Sci., 4 7 :688.

76
24.

Jacobson, D.R. and Hattori, R~ 1966. Early Weaning of Calves
for Herd Replacement. J. Dairy Sci., 49:453. {Abstr.)

25.

Johnson, R. E., Jungherr, E. L., and Plas-tridge, W. N. 1948. ·
Calf Losses in a Self-contained Herd Over a Period of
· Seventeen Years. J. Dairy Sci., 31:669.

26.

Jorgensen, N. A., Owens, M. J., Yo~ng, H. G., and Voelker, H. H.
1968. Adding Antibiotics to Milk for Dairy Calves Raised
in Outdoor Hutches. South Dakota Farm and Home Research,
Vol. 19, Number 3, Sumner 1968.

27.

Khoury, F. K., Ahmed, I. A., and el-Shazly, K. 1967. Early
Weaning in Cow and Water Buffalo Calves. I. Growth
Rates, Efficiency of Feed Utilization and Cost of Unit
Gain. J. Dairy Sci., 50:1661.

28.

Kurtz, E. 1961. Raising Dairy Herd Replacements. South Dakota
State College Cooperative Extension Service F.S. 67.

29.

Lassiter, C. A., Grimes, R. M., and Duncan, C. W. 1958.
Influence of Antibiotics on the Growth and Protein Metabolism of Young Dairy Calves. J. Dairy Sci., 41:1417.

30.

Lengemann, F. W. and Allen, N. N. 1959. Development of Rumen
Function in the Dairy Calf. II. Effect of Diet Upon
Characteristics of the Rumen Flora and Fatma of Young
Calves. J. Dairy Sci., 42:1171.

31.

Mead, J. W., Regan, W. M., and Bartlett, J. W. 1924. A Study
of the Factors Affecting the Growth of Dairy Heifers.
J. Dairy Sci., 7:440.

32.

Miller, W. J. and Clifton, C. M. 1961. Gradual vs. Abrupt
Weaning of Dairy Calves from a Limited Level of Milk Replacer. J. Dairy Sci., 44:977. (Abstr.)

33.

Miron, A. E., Otterby, D. E., and Pursel, V. G. 1968. Responses of Calves Fed Diets Supplemented with Different
Sources of Nitrogen and with Volatile Fatty Acids. J.
Dairy Sci., 51:1392. (Abstr.)

34.

Murley, W.R. and Culvahouse, E.W. 1958. Open Shed and Portable Pens Versus Conventional Housing for Raising Dairy
Calves. J. Dairy Sci., 41:997.

77

35.

Murley, W.R., Culvahouse, ·E. W., and Waugh, R. K. 1954.
The Effect of Management and Housing Upon the Growth
and Health of Dairy Calves. J. Dairy Sci., 37:656.

36.

Neathery, M. W., McCullough, M. E., Sell, O.E., and Sisk,
L. R. 1958 • . Comparison of a Connnercial Milk-replacer
Ration with Whole Milk in a Calf-raising System. J.
Dairy Sci., 41: 741. (Abs tr.)

37.

Noller, C.H., Dackso~, I. A., and Hill, D. L. 1962. Value
of Hay and Rumen Inoculation in an Early-weaning System
for Dairy Calves. J. Dairy Sci., 45:197.

·3s.

Ormiston, E. E. 1949. Calf Losses in a Dairy Herd Consisting
of Five Breeds. J. Dairy Sci., 32:712.

39.

Owen, F. G., Plum, :L, and Harris, L. 1965. Once Versus
Twice Daily Feeding of Milk to Calves Weaned at 21 or 42
Days of Age. J. Dairy Sci., 48:825.

40.

Owen, F. G. and Plum, M. 1968. Performance of Calves as
Influenced by Three Criteria for Weaning. J. Dairy Sci.,
51 : 9 71. (Abs tr • )

41. · Pardue, F. E., Jacobson, D.R., Graden, A. D., and Seath, D. M.

1962. Performance of Dairy Calves Weaned at 24 Days of
Age and Fed Vegetable vs. Animal Source Protein in the
Dry Starter. J. Dairy Sci., 45:g86.

42.

Quayle, P. D. 1958. A Study of the Effects of Dietary Aureomycin and Methods of Weaning in Early Weaned Calves. J.
Agric. Sci., 50:335.

43.

Ragsdale, A. C., Thompson, H.J., Warstell, D. M., and Brody,
S. 1953. The Effect of Humidity on Milk Production and
Composition, Feed and Water Consumption, and Body Weight
in C~ttle. Mo. Agr. Res. Sta. Bull. 521.

44.

Randel, P. F. and Rusoff, L. L. 1965. Responses of Holstein
Calves Raised on Limited Milk to Simulated T.ouisiana Summer
Climatic Conditions. J. Dairy Sci., 48:65.

45.

Speicher, J. A. 1968. Profitable Management of Large Dairy
Farms in the Midwest. J. Dairy Sci., 51:123.

46.

Steel, R. G. D. and Torrie, J. H. 1960. Principles and Procedures of Statistics. McGraw-Hill Book Company, Inc.
New York.

78

47.

Steele, R. L. 1957. The Effect of the Duration of Whole
Milk Feeding on the Growth of Dairy Calves. J. Dairy
Sci. , 40 :A96. {Abs tr.)

48.

Sutton, J. D., McGilliard, and Jacobson, N. L. 1963. Funetional Development of Rumen Mucosa. I. Absorptive
Ability. J. Dairy Sci., 46:426.

49.

Tamate, H., McGilliard, A. D., Jacobson, N. L., and Getty,
R. 1962. Effect of Various Dietaries on the Anatomical Development of the Stomach in the Calf. J. Dairy
Sci., 45 :408.

50.

Thomas, J. W., McDowell, R. E., andMcMullan, H. W. 1959.
Effects of Feeding Aureomycin to Dairy Calves. J. Dairy
Sci. , 42: 65 8.

51.

United States Dept. of Agriculture. 1961. Raising Dairy
Calves and Heifers. Farmers Bulletin No. 2176.

52.

Voelker, H. H. 1967. Calf Mortality by Breeds, Sexes, Breeding,
an-d Years. J. Dairy Sci., 50:993. (Abstr.)

53.

Weldy, J. R., McDowell, R. E., Bond, J., and Van Soest, P. J.
1964. Responses of Winter-conditioned Heifers to Prolonged Heat Stress. J. Dairy Sci., 47:691.

54.

Willet, L.B. 1968. Evaluation of Three Housing Systems for
Raising Dairy Calves. Masters Thesis. Purdue University,
Lafayette, Indiana.

55.

Winchester, C. F. 1964. Symposilllll on Growth:
Growth. J. Animal Sci., 23:254.

56.

Wing, J.M. 1965. Minimum Weaning Age of Dairy Calves Fed High
Solids Reconstituted Skimmilk and Colostrum. J. Dairy
Sci., 48: 786. (Abs tr.)

57.

Wise, G. H. and La Master, J.P. 1968. Responses of Calves to
Open-pail and Nipple-pail Systems of Milk Feeding. J.
Dairy Sci., 51:452.

58.

Wooden, K. G., Speicher, J. A., and Huber, J. T. 1968.
Effect of Feeding Systems on Feed and Labor Costs and Rates
of Gain in Dairy Calves. · J. Dairy Sci., 51:971. (Abstr.)

Environment and

79

APPENDIX

80

Appendix Table 1.

Calf starter ·composition.*

Shelled corn

900 lb

Oats

425 lb

Beet pulp.

250 lb

&4% Soybean meal

350 lb

Dicalcium phosphate

30 lb

Trace mineral salt ·

25 lb

Aureomycin crumbles

20 lb

A - Vit - D

2 lb

* This mixture supplies 20 mg of antibiotic, 2,900 USP units of

Vitamin A and 425 USP units of Vitamin D per pound of grain mixture.

Appendix Table 2.

Proximate analysis of starter and hay.

Starter

Hay

(%)

(%)

Crude protein

16.50

18.36

Ether extract

3. 35

2.50

Crude fiber

7 .44

26.50

Moisture

8.52

10. 70

Ash

4.70

10.28

59.49

31.66

100.00

100.00

Nitrogen free extract
Total
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Appendix Table 3.

Milk fat averages during trial.

(%).

September 1967

3.9

October 196 7

4.1

November 1967

4.0

December 1967

4.6

January 1968

3.9

February 1968

4.0

March 1968

3.4

April 1968

4.2

May 1968

3.5

June 1968

3.7

July 1968

3.5

August 1968

3.4

September 1968

3.9

October 1968

3.7

November 1968

4.3

Over-all average

3.9
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Appendix Table 4.

Dates on trfal (birth - 26 weeks) for individual
calves.

Outside 3 week calves

Inside 3 week calves

2829
2844
2864
2877
2895

8/24/67 - 2/25/68
10/22/67 - 4/24/68
1/ 4/68 - 7/ 7/68
2/10/68 - 8/13/68
Born 5/10/68
Killed 7 /8/68 - Abnormal
2900F
5/21/68 -11/22/68
2907
6/ 7/68 -12/10/68
2915F
7/ 6/68 - 1/ 8/69
2921 KH 7/23/68*- 1/21/69
2930 KH 8/15/68*- 2/13/69
2931F
8/27/68 - 2/28/69

2830
2847
2865 JC
2878
2893F
2902
2908F
2916F
2922 KH
2940 JC

Outside 5 week calves

Inside 5 week calves

2831
8/31/67 - 3/ 3/68
2850
11/ 4/67 - 5/ 7/68
2873 JC Born 1/25/68*
Killed 2/5/68 - pneumonia
2884
3/24/68 - 9/25/68
2896
5/11/68 -11/12/68
2903F
5/25/68 -11/26/68
6/13/68 -12/16/68
2909
7/10/68 - 1/10/6'9
2917F
2923
7/27/68 - 1/29/69
9/ 2/68 - 3/ 6/69
2933F
. 2936 KH 9/12/68*- 3/13/69

F - Female
KH - Purchased from Kermit Hill
JC - Purchased from Jim Christopherson
* - Parentheses indicate day one date.

2837
2860
2874 JC
2885F
2897
2904F
2910F
2918 KH
2928
2941 JC
2857

8/30/67 - 3/ 2/68
10/29/67 - 5/ 1/68
1/11/68*- 7/11/68
2/13/68 - 8/16/68
5/ 7/68 -11/ 8/68
5/24/68 -11/25/68
6/10/68 -12/12/68
7/ 6/68 - 1/ 8/69
7/23/68*- 1/21/69
10/ 1/68*- 4/ 1/69

9/23/67 - 3/26/68
12/23/67 - 6/28/68
1/26/68*- 7/26/68
3/29/68 - 9/30/68
5/11/68 -11/12/68
5/25/68 -11/26/68
6/18/68 -12/20/68
7/18/68*- 1/16/69
8/10/68 - 2/14/69
10/ 1/68*~ 4/ 1/69
Born 11/28/67
Killed 12/6/67 Ruptured abomasum
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Appendix Table 4.

(Continued). ·

Outside 7 week calves

Inside 7 week calves

2839
10/ 1/67 - 4/ 2/68
2862
1/ 1/68 .... 7I 3/68
2875 JC (2/ 4/68)*- 8/ 4/68
2886F
3/29/68 - 10/ 1/68
·2898F
5/18/68 - 11/19/68
2906
5/28/68 - .J.1/28/68
·z913
7/13/68 - . 1/ 4/69
2919 KH (7/19/68)*- 1/17/69
2927F
8/10/68 - 2/12/69
2945 JC (10/11/68) *- 4/11/69

2840
2863 JC
2876 JC
2888
2899
2905F
2914
2920F KH
2926
2932
2934F
2937F

F - Female.
KH - Purchased from Kermit Hill.
JC - Purchased from Jim Christopherson.
* - Parentheses indicate day one date.

10/ 4/67 - 4/ 6/68
(1/ 3/68)*- 7I 3/68
(2/ 4/68)*- 8/ 4/68
3/ 31/68 - 10/ 2/68
Born 5/20/68
Died 8/16/68 - BVD
5/26/68 - 11/27/68
7/ 6/68 - 1/ 7/69
Born (7/20/68)*
Killed 7/31/68 Scours
8/ 6/68 - 2/ 7/69
8/29/68 - 3/ 3/69
9/ 2/68 - 3/ 6/69
9/11/68 - 3/15/69

Appendi x Fi gure 1.

Fron t view of outdoor calf hut ch .
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Side view of outdoor calf hutch-
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Appendix Figure 3.

Front view of individual pens in indoor calf barn.
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Calf in indivi dual pen in indoor calf baro.
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Appendix Figure 5.

Inside view of individual pen in indoor calf barn.
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Environment in calf hutch compared to outdoor
environment during September 9-13, 1968.
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Appendix Figure 7.
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Environment in calf hutch compared to outdoor
environment during November 11-15, 1968.
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Environment in indoor barn compared to outdoor
environment during July 15-19, 1968.
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Environment in indoor barn compared to outdoor
environment during December 16-20, 1968.
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